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pain in sites of back, neck, head, joints or face. [4] [5] [6] A systematic review indicated that depressive symptoms is associated with higher levels of pain intensity, more functional limitation and disability and worse prognosis. [7] However, previous researches not accurately addressed this question that which psychological disorders will be most strongly associated with musculoskeletal symptoms.
In addition, previous studies have been evaluated MSC mostly site-specific, or only classify persons based on major patterns of site-specific complaints in different class using latent class and cluster analysis. [8] [9] [10] In the latent class analysis approach, individuals assigned to the most probable latent classes based on their observed symptoms so that the resulted latent classes can then elucidate diagnostic subgroups or subtypes. [11] This categorical view of MSC has advantage that clarify needs of clinical remedies and reporting for healthcare authorities. However, latent class analysis and the categorical approach to MSC do not consider the range in the severity of musculoskeletal impairment within and across diagnostic classes. Continues and dimensional nature of disorders has its counterpart in factor analysis. Here, continuous latent variables, called factors, are extracted from correlated symptoms. Extracted factors provides quantitative scores, representing the severity of the impairment in each individual. [11] Factor mixture model uses a hybrid of both categorical and continuous latent variables, which allows the underlying structure of MSC to be simultaneously dimensional and categorical. [12] This structure is considered categorical because factor mixture model categorised the individuals into homogenous subgroups and it is as well considered dimensional because of accounting the within groups heterogeneity by continuous latent variables. [12, 13] An extension of factor mixture models known by structural equation mixture model (SEMM) allows to explanatory variables affect both latent variables and group membership. [14, 15] The present study aimed to construct a continues measurement as MSC profile (latent factor) explaining the severity of musculoskeletal symptoms and classify the study population into more homogeneous subgroups (latent class) based on it. Simultaneously, the association of common psychological disorders, i.e., anxiety, depression and psychological distress with constructed MSC profile across identified subgroups, controlling for demographic variables was evaluated in a comprehensive modeling framework; SEMM.
Methods

Study design and participants
The current study was conducted within the part of the Study of the Epidemiology of Psychological, Alimentary Health and Nutrition (SEPAHAN) project performed among a large sample of adult Iranian population in 2011. [16] The data were sampled in two phases using multistage random sampling and convenient in the last stage. In the first phase, demographic, lifestyle and nutritional factors related questionnaires were delivered to 10087 invited individuals in which, 8691 participants took part (response rate: 86.16%). At the second phase, questionnaires designed to obtain information about psychological disorders, gastrointestinal and somatoform symptoms, were distributed and 6239 questionnaires were completed (response rate: 64.64%). According to national identification numbers of participants, gathered data of both phases were merged. Finally, information of 4762 subjects was remained in the current analysis. The study protocol was explained for all the participants, and a signed informed consent was obtained from them. The Bioethics Committee of Isfahan University of Medical Sciences approved the study protocol (Project numbers: 189069, 189082 and 189086). More details could be found elsewhere. [16] 
Musculoskeletal complaints
Since in SEPAHAN project there was not a separate questionnaire to assess MSC so we referred to Lacourt psychosomatic questionnaire, [17] consist of 47 items based on body feeling and psychiatric diagnosis and patient health questionnaire (PHQ-15); a standard 15 items questionnaire that measures a range of physical signs related to sickness. [18] Eight items that were related to musculoskeletal symptoms and complaints were extracted as a tool to evaluate the frequency and severity of MSC. The items were included feeling headache, back pain, pain in joints, eyesore, severe fatigue, dizziness and confusion, chills and extreme cold and hot flashes in the last three mounts range on a four-point scale (never, sometimes, often and always). Internal consistency of this stablished tool assessed using Cronbach α was 0.81, indicating that there was strong reliability.
Psychological distress
Psychological distress was measured by a self-administered 12-item general health questionnaire (GHQ-12) through that participants answer having experienced a special feeling or behaviour 'less than usual, no more than usual, fairly more than usual, or much more than usual' in the past few weeks. [19, 20] A participant could score between 0 and 12 points and a threshold score of four or more was used to specify an individual with high-distress level. The internal consistency of GHQ-12 calculated with Cronbach α coefficient was found 0.87 in Iranian population. [19] 
Anxiety and depression
Anxiety and depression were assessed by Persian validated version of the Hospital Anxiety and Depression Scale (HADS). [21] HADS consists of fourteen items, seven items for anxiety and seven for depression. Items were measured on a 4-point Likert scale ranging from 0 (not present) to 3 (considerable). The maximum score for anxiety and depression is 21. A threshold score of 8 or more on each subscale are considered as disorder. The validity and reliability of HADS was evaluated in Iranian population. The Cronbach α coefficients were 0.78 and 0.86 for HADS anxiety and depression subscales, respectively. [21] 
Assessment of other variables
Demographic variables consist of sex (male, female), age in year, marital status (single, married), educational level (under diploma, diploma (12-year formal education) and university graduate) and lifestyle variables included body mass index (kg/m 2 ) and physical activity (inactive and moderately inactive/moderately active and active) measured by General Practice Physical Activity Questionnaire. [22] Statistical analysis MSC score extracted through eight items concerning site-specific or widespread MSC using factor analysis. To ensure that the resulted factor is valid and could be replicated, we used a random split sample method and divided the sample in half. [23] Confirmatory factor analysis performed in the second half of the sample and replicability of exploratory results was evaluated using the Tucker-Lewis coefficient (TLI), the comparative fit index (CFI), as well as the root mean square error of approximation (RMSEA). The RMSEA values <0.10 [24] and TLI and CFI values >0.9 are indicating an acceptable fitness. [25, 26] Furthermore, internal consistency measured using Cronbach α in the second half sample was computed. Values near one indicate sufficient reliability of the instrument. [27] For following up our main study objective, i.e., if the studied population could be classified into meaningful subgroups based on MSC, SEMM approach was used. In the SEMM framework, we could simultaneously investigate the association of common psychological disorders (i.e., anxiety, depression and psychological distress) with MSC in identified classes. The optimum number of classes was determined through comparing the Bayesian information criteria (BIC) and entropy indices across models. Higher entropy and lower BIC imply better class discriminant and model fitting. [12, 13] Due to skewness and departure from normality assumption, we also considered skew normal distribution as an alternative to a normal distribution assumption for latent response, i.e., MSC score. To improve the classification, additional covariates; sex and age were used to model the variation in class membership. SEMM was conducted by Mplus version 8, [28] and the model parameters were estimated using maximum likelihood method.
results
Of 4762 adults participated in the study 2657 (55.8%) were females and 3776 (81.2%) were married. The mean age was 36.63 ± 8.93 years. About 57.2% of participants had college education, 28.3% had diploma and 13.8% were under diploma. Nearly 34.8% of participants reported having a regular physical activity. About 3.5% of individuals were underweight, 37.1% were overweight and 9.4% were obese. Psychological distress, anxiety and depression were identified in 23.1%, 5.8% and 10.4% of participants, respectively.
One factor was extracted from musculoskeletal symptoms-related items, explaining 45% of the variance. Factor loadings corresponded to eight considered items were as the following: back pain (0.68), pain in joint (0.71), eyesore (0.6), severe fatigue (0.75) dizziness and confusion (0.75), chills and extreme cold (0.62), headache (0.67) and hot flashes (0.61). In a primary analysis to ensure considered items and consequently extracted factor, could represent a valid instrument to quantify MSC, the sample randomly was spilt half and exploratory factor analysis was performed on the first half and confirmatory analysis on the second half. Fitness criteria of confirmatory factor analysis performed in the second half sample were in acceptable range, indicating that extracted factor in the exploratory factor analysis could be replicated (CFI = 0.97, TLI = 0.96 and RMSEA = 0.039). Internal consistency measured using Cronbach α in the second half sample (alpha = 0.83) indicated adequate reliability of the instrument. [27] The latent structure or unobserved heterogeneity of the study population regarding MSC score and its association with psychological disorders was recognised using SEMM. Due to considerable skewness of MSC score (0.90), skew normal distribution was also considered as an alternative to normal distribution assumption in building model process. Two-class model with skew normal distribution assumption and unequal mean, variance and skewness of MSC score across classes provided the best fit (BIC = 132564.89, entropy = 0.91). This fitness criteria indicate that individuals are correctly classified by our fitted model. The two recognised classes were labelled as 'high MSC' and 'low MSC;' since participants in the first class got higher scores of musculoskeletal symptoms (mean: 1.07 in the first-class vs. 0.64 in the second class). There were 4009 individuals (84.5%) in the 'low MSC' class and 737 participants (15.5%) in the 'high MSC' class. According to the two-class SEMM solution approximately, all items were significantly loaded on the extracted MSC factor. Figure 1 illustrates the frequency of reporting 'often' and 'always' MSC across two identified class. Severe fatigue, headache and back pain were respectively the most prevalent complains in two classes and chills and extreme cold were the lowest ones. The prevalence of all eight musculoskeletal symptoms for participants assigned to the 'high MSC' class was significantly higher than another class (P < 0.001). Among participants assigned to 'high MSC', 60.3% reported often or always feel severe fatigue, 34.2% headache and 33.4% back pain. In contrast, in participants assigned to 'low MSC', 29.8%, 18.5% and 18.7% reported often or always feel severe fatigue, headache and back pain, respectively. Table 1 represents regression coefficients regarding the association of psychological disorders; psychological distress, anxiety and depression with MSC score in the two identified classes.
In both classes, the anxiety and depression scores had significant direct associations with MSC score. The psychological distress as well has a positive significant association in 'low MSC' class, but not significant in 'high MSC' class, that might be arising from smaller sample size in that class. Furthermore, according to the magnitude of regression coefficients and standard errors, anxiety had the strongest impact and psychological distress weakest impact on MSC score. After adjustment of class membership for age and sex, the results did not show a significant change. 
dIscussIon
In this cross-sectional population-based study, two classes characterised by high (15.5%) and low (84%) levels of MSC, were identified from a large sample of Iranian adults using structural equation mixture modeling (SEMM). Prevalence of all MSC for participants assigned to 'high MSC' class was significantly higher than 'low MSC' class. Severe fatigue and back pain were the most prevalent complaints reported by participants. In the current study, three common psychological disorders, i.e., anxiety, depression and psychological distress were positively associated with the MSC score in identified classes. Anxiety showed a stronger association with MSC score compared to depression and psychological distress.
The current study is the first one that classified individuals based on their MSC and evaluate psychological condition in homogenous groups using SEMM.
To the best of our knowledge, there is not any study which classified a general large population into homogeneous subgroups based on musculoskeletal disorders using SEMM. However, other statistical approaches, i.e., clustering, factor analysis and latent class analysis in some studies were used to classify musculoskeletal disorders. [8] [9] [10] In Gold et al.'s study, among patients with upper extremity musculoskeletal disorders, using cluster analysis, the patients were classified to mild thorough severe diffuse musculoskeletal disorders subgroups.
[10] Furthermore, the cluster analysis was used to classified patients on the basis of their individual course of low back pain over a 6 months period. [9] Hartvigsen et al. investigated patterns of musculoskeletal pain based on primary pain site in the 4817 Danes using latent class analysis. On the other hand, previous studies on population classification according to musculoskeletal symptoms have not accounted simultaneously the impact of psychological disorders. Classification method based on SEMM in our study permitted us to inter some psychological determinants that explain the variation of MSC in the modeling framework. There is evidence that psychological illnesses usually manifest themselves as forms of physical symptoms. [3] Several systematic reviews have indicated the psychological disorders are risk factors for musculoskeletal symptoms. [29, 30] In a 10-year follow-up on metal industry employees, it was found musculoskeletal symptoms were associated with the change in the stress symptoms in men, as did the clinical findings in the neck-shoulder and low back regions. [5] de Heer et al. using separate multinomial logistic regressions in a general-based study population showed that those with a current depressive disorder, remitted depressive or anxiety disorder have high odds for having musculoskeletal pain in at least one sites of back, neck, head, joints, or face. [4] Several studies have reported an increased prevalence of headache in patients with major depression and anxiety disorders. [31, 32] Psychological distress in Reme et al.'s study was found to be higher in patient care workers with musculoskeletal pain. [6] One question, not accurately settled in previous researches in this area, which of the psychological disorders will be most strongly associated with musculoskeletal symptoms, particularly when adjusting for demographic variables and other psychological disorders. In evaluating the simultaneous association of depression, anxiety and psychological distress scores with MSC score, our findings implied anxiety score had the strongest association with MSC score.
T h e l i n k b e t w e e n p s y c h o l o g i c a l d i s o r d e r s a n d musculoskeletal disorders can be explained from biological perspective. [3] Some investigators have reported the possible role of neurotransmitters [33] and cytokine receptors. [34] However, there is still no proved neurochemical explanation for the association of low mood and musculoskeletal condition. [3] There are evidences that support sex difference in musculoskeletal disorders. [35] Furthermore, age-related changes in the musculoskeletal system is well documented. [36] SEMM allowed us to consider the impact of age and sex difference to find subgroups. Consistent with previous studies, being female and higher age significantly increased the chance of allocating to 'high MSC' class.
It is important to mention some strengths and limitations of the present study. A major strength of our large population-based study was the application of SEMM for identifying a certain measurement as MSC score and stratifying study population based on it. In this way because of skewness of extracted score, we assumed skew normal distribution instead relevant normal assumption to get better fitness and estimations. Furthermore, common psychological disorders, i.e., psychological distress, anxiety and depression were evaluated in identified classes through a unique modeling framework. However, due to the cross-sectional nature of study design, we could not infer cause-effect association from the findings. Furthermore since the data collected by self-reported questionnaires, that could lead to misspecification of participants to correct class.
conclusIons
The results of the present study suggested that MSC had a dimensional-categorical structure within the study population. In addition, we showed that the common psychological disorders including anxiety, depression and psychological distress are significantly associated with MSC. This finding could be useful for dealing with prevention and treatment programmes. For example, categorising treatment of musculoskeletal impairments according to patients' psychological indicators may make cost-effective development in the treatment process. Finally, prevention and early detection of psychological symptoms need to be highlighted in adults' mental healthcare programmes since impose a heavy burden on persons and community through consequent physical illnesses and disabilities.
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